Introduction {#Sec1}
============

Supersymmetry (SUSY) \[[@CR1]--[@CR6]\] is a theoretical framework of physics beyond the Standard Model (SM) that predicts for each SM particle the existence of a supersymmetric partner differing by half a unit of spin. The partner particles of the SM fermions (quarks and leptons) are the scalar squarks ($\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\ell }$$\end{document}$). In the boson sector, the supersymmetric partner of the gluon is the fermionic gluino ($\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{g}$$\end{document}$), whereas the supersymmetric partners of the Higgs (higgsinos) and the electroweak gauge bosons (winos and bino) mix to form charged and neutral mass eigenstates called charginos ($\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }^{0}_{1,2,3,4}$$\end{document}$). In the Minimal Supersymmetric extension of the Standard Model (MSSM) \[[@CR7], [@CR8]\] two scalar Higgs doublets along with their Higgsino partners are predicted. SUSY addresses the SM hierarchy problem \[[@CR9]--[@CR12]\] provided that the masses of at least some of the supersymmetric particles (most notably the higgsinos, the top squarks and the gluinos) are near the Te V scale.

In R-parity-conserving SUSY \[[@CR13]\], gluinos might be pair-produced at the Large Hadron Collider (LHC) via the strong interaction and decay either directly or via intermediate states to the lightest supersymmetric particle (LSP). The LSP is stable and is assumed to be only weakly interacting, making it a candidate for dark matter \[[@CR14], [@CR15]\].

This paper considers a SUSY-inspired model where pair-produced gluinos decay via the lightest chargino ($\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }^{\pm }_{1}$$\end{document}$) to the LSP, which is assumed to be the lightest neutralino ($\documentclass[12pt]{minimal}
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                \begin{document}$${\tilde{\chi }^0_1}$$\end{document}$). The three-body decay of the gluino to the chargino proceeds via $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{g} \rightarrow q\bar{q'} \tilde{\chi }^\pm _1$$\end{document}$. The chargino decays to the LSP by emitting an on- or off-shell *W* boson, depending on the available phase space. In the MSSM this decay chain is realised when the gluino decays via a virtual squark that is the partner of the left-handed SM quark, to the chargino with a dominant wino component. In the MSSM the mass of the chargino is independent of the mass of the gluino.

The experimental signature characterising this search consists of a lepton (electron or muon), several jets, and missing transverse momentum ($\documentclass[12pt]{minimal}
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                \begin{document}$$E_\mathrm{{T}}^\mathrm{{miss}}$$\end{document}$) from the undetectable neutralinos and neutrino(s). The analysis is based on two complementary sets of search channels. The first set requires a low transverse momentum ($\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\mathrm {T}}$$\end{document}$) lepton ($\documentclass[12pt]{minimal}
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                \begin{document}$$7/6< p_{\mathrm {T}}(e/\mu ) < 35 \mathrm {\ Ge V}$$\end{document}$), and is referred to as the soft-lepton channel, while the second set requires a high-$\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\mathrm {T}}$$\end{document}$ lepton ($\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\mathrm {T}}(e/\mu ) > 35 \mathrm {\ Ge V}$$\end{document}$) and is referred to as the hard-lepton channel. The two sets target SUSY models with small and large mass differences between the predicted supersymmetric particles, respectively. The search uses the ATLAS data collected in proton--proton LHC collisions in 2015 corresponding to an integrated luminosity of 3.2 fb$\documentclass[12pt]{minimal}
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                \begin{document}$$^{-1}$$\end{document}$at a centre-of-mass energy of 13 Te V.

The analysis extends previous ATLAS searches with similar event selections \[[@CR16]\] which were performed with data collected during the first data-taking campaign between 2010 and 2012 (LHC Run 1) at a centre-of-mass energy of up to 8 Te V. The results of all Run 1 ATLAS searches targeting squark and gluino pair production are summarised in Ref. \[[@CR17]\]. The CMS Collaboration has performed similar searches for gluinos with decays via intermediate supersymmetric particles in Run 1 \[[@CR18], [@CR19]\] and Run 2 \[[@CR20]\].

This paper is structured as follows. After a brief description of the ATLAS detector in Sect. [2](#Sec2){ref-type="sec"}, the simulated data samples for the background and signal processes used in the analysis as well as the dataset and the trigger strategy are detailed in Sect. [3](#Sec3){ref-type="sec"}. The reconstructed objects and quantities used in the analysis are described in Sect. [4](#Sec4){ref-type="sec"} and the event selection is presented in Sect. [5](#Sec5){ref-type="sec"}. The background estimation and the systematic uncertainties associated with the expected event yields are discussed in Sects. [6](#Sec6){ref-type="sec"} and [7](#Sec7){ref-type="sec"}, respectively, while details of the statistical interpretation are given in Sect. [8](#Sec8){ref-type="sec"}. Finally, the results of the analysis are presented in Sect. [9](#Sec9){ref-type="sec"} and are followed by a conclusion.

ATLAS detector {#Sec2}
==============

ATLAS \[[@CR21]\] is a general-purpose detector with a forward-backward symmetric design that provides almost full solid angle coverage around the interaction point.[1](#Fn1){ref-type="fn"} The main components of ATLAS are the inner detector (ID), which is surrounded by a superconducting solenoid providing a 2 T axial magnetic field, the calorimeter system, and the muon spectrometer (MS), which is immersed in a magnetic field generated by three large superconducting toroidal magnets. The ID provides track reconstruction within $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | < 2.5$$\end{document}$, employing pixel detectors close to the beam pipe, silicon microstrip detectors at intermediate radii, and a straw-tube tracker with particle identification capabilities based on transition radiation at radii up to 1080 mm. The innermost pixel detector layer, the insertable B-layer \[[@CR22]\], was added during the shutdown between LHC Run 1 and Run 2, at a radius of 33 mm around a new, narrower, beam pipe. The calorimeters cover $\documentclass[12pt]{minimal}
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                \begin{document}$$3.2< |\eta | < 4.9$$\end{document}$) being instrumented with a liquid-argon (LAr) calorimeter for both the electromagnetic and the hadronic measurements. In the central region, a lead/LAr electromagnetic calorimeter covers $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | < 3.2$$\end{document}$, while the hadronic calorimeter uses two different detector technologies, with scintillator tiles ($\documentclass[12pt]{minimal}
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                \begin{document}$$1.5< |\eta | < 3.2$$\end{document}$) as the active medium. The MS consists of three layers of precision tracking chambers providing coverage over $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | < 2.7$$\end{document}$, while dedicated fast chambers allow triggering over $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | < 2.4$$\end{document}$. The ATLAS trigger system (developed from Ref. \[[@CR23]\]) consists of a hardware-based first-level trigger and a software-based high-level trigger.

Simulated event samples and data samples {#Sec3}
========================================

The signal model considered in this search is a simplified model \[[@CR24]--[@CR26]\] that has been used in previous similar ATLAS searches \[[@CR16]\]. In this model, exclusive pair-production of gluinos is assumed. The gluinos decay via an intermediate chargino, here the lightest chargino $\documentclass[12pt]{minimal}
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                \begin{document}$$\tilde{\chi }^\pm _1$$\end{document}$, into the lightest supersymmetric particle, the lightest neutralino $\documentclass[12pt]{minimal}
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                \begin{document}$${\tilde{\chi }^0_1}$$\end{document}$. The branching ratio of each supersymmetric particle decay considered is assumed to be 100 %. Other supersymmetric particles not entering the decay chain described are not considered in this simplified model and their masses are set to high values. The gluino decay is assumed to proceed only via virtual first- and second- generation quarks, hence no bottom or top quarks are produced in the simplified model. The free parameters of the model are the masses of the gluino ($\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\tilde{g}}$$\end{document}$), the chargino ($\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\tilde{\chi }^{0}_{1}}$$\end{document}$). Two types of scenarios are considered: in the first type, the mass of the neutralino is fixed to $\documentclass[12pt]{minimal}
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                \begin{document}$$60 \mathrm {\ Ge V}$$\end{document}$, and the sensitivity is assessed as a function of the gluino mass and a mass-ratio parameter defined as $\documentclass[12pt]{minimal}
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                \begin{document}$$x = (m_{\tilde{\chi }_{1}^{\pm }} - m_{\tilde{\chi }^{0}_{1}})/(m_{\tilde{g}} - m_{\tilde{\chi }^{0}_{1}})$$\end{document}$. In the second type, $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{{\tilde{\chi }^0_1}}$$\end{document}$ are free parameters, while $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\tilde{\chi }^\pm _1}$$\end{document}$ is set to $\documentclass[12pt]{minimal}
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                \begin{document}$$m_{\tilde{\chi }^\pm _1} = (m_{\tilde{g}} + m_{{\tilde{\chi }^0_1}})/2$$\end{document}$. The decay topology of the simplified model is illustrated in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1The decay topology of the signal model considered in this search

The signal samples are generated using [MG5_aMC\@NLO]{.smallcaps} 2.2.2 \[[@CR27]\] with up to two extra partons in the matrix element, interfaced to [Pythia]{.smallcaps} 8.186 \[[@CR28]\] for parton showers and hadronisation. For the combination of the matrix element and the parton shower the CKKW-L matching scheme \[[@CR29]\] is applied with a scale parameter that is set to a quarter of the mass of the gluino. The ATLAS A14 \[[@CR30]\] set of tuned parameters (tune) for the underlying event is used together with the NNPDF2.3 LO \[[@CR31]\] parton distribution function (PDF) set. The EvtGen v1.2.0 program \[[@CR32]\] is used to describe the properties of the bottom and charm hadron decays in the signal samples.

The signal cross-sections are calculated at next-to-leading order (NLO) in the strong coupling constant, adding the resummation of soft gluon emission at next-to-leading-logarithmic accuracy (NLL) \[[@CR33]--[@CR37]\]. The nominal cross-section and its uncertainty are taken from an envelope of cross-section predictions using different PDF sets and factorisation and renormalisation scales \[[@CR38], [@CR39]\].Table 1Simulated background event samples: the corresponding generator, parton shower, cross-section normalisation, PDF set and underlying-event tune are shownPhysics processGeneratorParton showerCross-section normalisationPDF setTune$\documentclass[12pt]{minimal}
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                \begin{document}$$W(\rightarrow \ell \nu )$$\end{document}$ + jets[Sherpa]{.smallcaps} 2.1.1 \[[@CR40]\][Sherpa]{.smallcaps} 2.1.1NNLONLO CT10[Sherpa]{.smallcaps} default$\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}+W/Z/WW$$\end{document}$[MG5_aMC\@NLO]{.smallcaps} 2.2.2[Pythia]{.smallcaps} 8.186NLONNPDF2.3LOA14*WW*, *WZ* and *ZZ*[Sherpa]{.smallcaps} 2.1.1[Sherpa]{.smallcaps} 2.1.1NLONLO CT10[Sherpa]{.smallcaps} default

The simulated event samples for the SM backgrounds are summarised in Table [1](#Tab1){ref-type="table"}, along with the PDFs and tunes used. Further samples are also used to assess systematic uncertainties, as explained in Sect. [7](#Sec7){ref-type="sec"}.
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                \begin{document}$$t\bar{t}$$\end{document}$ and single top quarks in the *Wt* and *s*-channel \[[@CR43]\] the [powheg-box]{.smallcaps} v2 \[[@CR44]\] generator with the CT10 \[[@CR45]\] PDF sets in the matrix-element calculations is used. Electroweak *t*-channel single-top-quark events are generated using the [powheg-box]{.smallcaps} v1 generator. This generator uses the four-flavour scheme for the NLO matrix-element calculations together with the fixed four-flavour PDF set CT10f4. For all top-quark processes, top-quark spin correlations are preserved (for the single-top *t*-channel, top quarks are decayed using MadSpin \[[@CR46]\]). The parton shower, fragmentation and the underlying event are simulated using [Pythia]{.smallcaps} 6.428 with the CTEQ6L1 \[[@CR47]\] PDF set and the corresponding [Perugia2012]{.smallcaps} tune (P2012) \[[@CR42]\]. The top-quark mass is assumed to be $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ events are normalised to the NNLO+NNLL cross-sections. The single-top-quark events are normalised to the NLO cross-sections.

Events containing *W* or *Z* bosons with associated jets (*W*/*Z*+jets) \[[@CR48]\] are simulated using the [Sherpa]{.smallcaps} 2.1.1 generator with massive *b* / *c*-quarks. Matrix elements are calculated for up to two partons at NLO and four partons at leading order (LO). The matrix elements are calculated using the Comix \[[@CR49]\] and OpenLoops \[[@CR50]\] generators and merged with the [Sherpa]{.smallcaps} 2.1.1 parton shower \[[@CR51]\] using the ME+PS\@NLO prescription \[[@CR52]\]. The CT10 PDF set is used in conjunction with a dedicated parton-shower tuning developed by the [Sherpa]{.smallcaps} authors. The *W* / *Z*+jets events are normalised to their NNLO cross-sections \[[@CR53]\].

The diboson samples \[[@CR54]\] are generated with the same generator and PDF setup as the *W* / *Z*+jets samples described above. The diboson processes are simulated including final states with four charged leptons, three charged leptons and one neutrino, two charged leptons and two neutrinos, and one charged lepton and three neutrinos. The matrix elements contain all diagrams with four electroweak vertices. They are calculated for up to one parton ($\documentclass[12pt]{minimal}
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                \begin{document}$$3 \nu $$\end{document}$) at NLO and up to three partons at LO. The diboson cross-sections are taken from the NLO generator used.
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                \begin{document}$$t\bar{t}+W/Z/WW$$\end{document}$ processes \[[@CR55]\], all events are simulated using [MG5_aMC\@NLO]{.smallcaps} 2.2.2 at LO interfaced to the [Pythia]{.smallcaps} 8.186 parton-shower model, with up to two ($\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}+WW$$\end{document}$) extra partons included in the matrix element. The ATLAS underlying-event tune A14 is used together with the NNPDF2.3 LO PDF set. The events are normalised to their respective NLO cross-sections \[[@CR56], [@CR57]\].

The response of the detector to particles is modelled with a full ATLAS detector simulation \[[@CR58]\] using [Geant4]{.smallcaps} \[[@CR59]\], or using a fast simulation \[[@CR60]\] based on a parameterisation of the performance of the electromagnetic and hadronic calorimeters and on [Geant4]{.smallcaps} elsewhere. All background (signal) samples are prepared using the full (fast) detector simulation.

All simulated samples are generated with a varying number of minimum-bias interactions (simulated using [Pythia]{.smallcaps} 8 with the MSTW2008LO PDF set \[[@CR61]\] and the A2 tune \[[@CR62]\]) overlaid on the hard-scattering event to model the multiple proton--proton interactions in the same and the nearby bunch crossings. Corrections are applied to the simulated samples to account for differences between data and simulation for trigger, identification and reconstruction efficiencies.

The proton--proton data analysed in this paper were collected by ATLAS in 2015 at a centre-of-mass energy of 13  Te V. During this period the instantaneous luminosity of the LHC reached $\documentclass[12pt]{minimal}
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                \begin{document}$$^{-2}\mathrm {s}^{-1}$$\end{document}$ with a mean number of additional *pp* interactions per bunch crossing of approximately 14. After application of data-quality requirements related to the beam and detector conditions, the total integrated luminosity amounts to 3.2 fb$\documentclass[12pt]{minimal}
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Object reconstruction and identification {#Sec4}
========================================

The reconstructed primary vertex of an event is required to be consistent with the interaction region and to have at least two associated tracks with $\documentclass[12pt]{minimal}
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Electron candidates are reconstructed using ID tracks matched to energy clusters in the electromagnetic calorimeter. They are identified according to the likelihood-based loose criteria \[[@CR69]\]. Preselected electrons in the soft-lepton (hard-lepton) channel must satisfy $\documentclass[12pt]{minimal}
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Muon candidates are reconstructed by combining tracks formed in the ID and the MS sub-systems. The Medium identification criteria are applied, which offer good efficiency and purity for the selected muons \[[@CR70]\]. Preselected muons in the soft-lepton (hard-lepton) channel are required to have $\documentclass[12pt]{minimal}
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Signal jets containing *b*-hadrons are identified using the MV2c20 algorithm \[[@CR74]\] and are hereafter referred to as *b*-tagged jets. The MV2c20 algorithm uses as input the impact parameters of all associated tracks and any reconstructed secondary vertex. The requirement chosen in the analysis provides an inclusive *b*-tagging efficiency of 77 % in simulated $\documentclass[12pt]{minimal}
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To enforce compatibility with the primary vertex, the distance $\documentclass[12pt]{minimal}
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                \begin{document}$$z_0$$\end{document}$ is the longitudinal impact parameter with respect to the primary-vertex position. Moreover, in the transverse plane the distance of closest approach of the lepton track to the proton beam line, divided by the corresponding uncertainty, must be less than three for muons and less than five for electrons.

Reconstruction, identification and isolation efficiencies in simulation, when applicable, are calibrated to data for all reconstructed objects.

Event selection {#Sec5}
===============

Events selected by the trigger are further required to have a reconstructed primary vertex. An event is rejected if it contains a preselected jet which fails to satisfy the quality criteria designed to suppress non-collision backgrounds and detector noise \[[@CR68]\]. Exactly one signal lepton is required in both the soft- and the hard-lepton channels. Any event with additional preselected leptons is vetoed to suppress the dilepton $\documentclass[12pt]{minimal}
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A dedicated optimisation study was performed to design signal region (SR) selection criteria and to maximise the signal sensitivity. Four hard-lepton signal regions and two soft-lepton signal regions are defined, targeting different mass hierarchy scenarios in the simplified model. The selection criteria used to define the signal regions are summarised in Table [2](#Tab2){ref-type="table"} for the soft-lepton channel and in Table [3](#Tab3){ref-type="table"} for the hard-lepton channel.Table 2Overview of the selection criteria for the soft-lepton signal regions. The symbol $\documentclass[12pt]{minimal}
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The observables defined below are used in the event selection.
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                \begin{document}$$m_\mathrm{{eff}}^{\mathrm {inc}}$$\end{document}$ are relaxed with respect to the hard-lepton 5-jet region. Two distinct hard-lepton 4-jet regions are used, both designed to target models where the neutralino mass is fixed to 60 Ge V, while the gluino mass and the mass-ratio *x* vary. The 4-jet high-*x* region is designed for regions of the parameter space where the *W* boson produced in the chargino decay is significantly boosted, leading to high-$\documentclass[12pt]{minimal}
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The soft-lepton channels focus on models with compressed mass spectra. The soft-lepton 2-jet region provides sensitivity to scenarios characterised by a relatively heavy neutralino and a small mass separation between the gluino, the chargino and the neutralino. Due to the small mass separation, most of the decay products tend to be low $\documentclass[12pt]{minimal}
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Background estimation {#Sec6}
=====================

The two dominant background processes in final states with one isolated lepton, multiple jets and large missing transverse momentum are $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ and *W*+jets. The differential distributions arising from these two background processes as predicted from simulation are simultaneously normalised to the number of data events observed in dedicated control regions (CR), through the fitting procedure explained in Sect. [8](#Sec8){ref-type="sec"}. The simulation is then used to extrapolate the measured background rates to the corresponding signal region.

The control regions are designed to have high purity in the process of interest, a small contamination from the signal model and enough events to result in a small statistical uncertainty in the background prediction. Moreover, they are designed to have kinematic properties resembling as closely as possible those of the signal regions, in order to provide good estimates of the kinematics of background processes there. This procedure limits the impact of potentially large systematic uncertainties in the expected yields.

Additional sources of background events are single-top events (*s*-channel, *t*-channel and associated production with a *W* boson), *Z*+jets and diboson processes (*WW*, *WZ*, *ZZ*, $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ production in association with a *W* or a *Z* boson. Their contributions are estimated entirely using simulated event samples normalised to the most accurate theoretical cross-sections available.

The contribution from multi-jet processes with a misidentified lepton is found to be negligible once lepton isolation criteria and a stringent $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_\mathrm{{T}}^\mathrm{{miss}}$$\end{document}$ requirement are imposed. A data-driven matrix method, following the implementation described in Ref. \[[@CR16]\], confirms this background is consistent with zero. This is mainly a result of the improved lepton reconstruction and identification and the higher threshold on $\documentclass[12pt]{minimal}
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                \begin{document}$$E_\mathrm{{T}}^\mathrm{{miss}}$$\end{document}$ with respect to the previous searches performed in this final state \[[@CR16]\]. As this background is found to be negligible it is ignored in all aspects of the analysis.

Figure [2](#Fig2){ref-type="fig"} visualises the criteria that define the control regions in the soft-lepton and hard-lepton channels. Based on these, separate control regions are defined to extract the normalisation factors for $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ and *W*+jets by requiring at least one, or no, *b*-tagged signal jets, respectively. The cross-contamination between these two types of control regions is accounted for in the fit.Fig. 2Graphical illustration of the soft-lepton 2-jet (*top left*), soft-lepton 5-jet (*top right*), hard-lepton 4-jet high-*x* (*middle left*), 4-jet low-*x* (*middle right*), 5-jet (*bottom left*) and 6-jet (*bottom right*) signal (SR), control (CR) and validation (VR) regions. In addition to the two variables shown on the *x* and *y* axes, labels indicate other event selections that differ between the corresponding control regions, validation regions and signal regions. The control regions exist in two variants: the $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ control regions require at least one *b*-tagged jet, while no *b*-tagged jets are required in the *W*+jets control regions
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                \begin{document}$$t\bar{t}$$\end{document}$ simulations are adjusted to match the observed number of data events in the control region, so that the plots illustrate the modelling of the shape of each variable's distribution. In general, good agreement between data and background simulations is found within the uncertainties in all the control regions used in the analysis.Fig. 3The distribution of the missing transverse momentum is shown in hard-lepton 6-jet $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ and *W*+jets background processes in the simultaneous fit. In the soft-lepton 2-jet plots, the upper bound on $\documentclass[12pt]{minimal}
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                \begin{document}$$E_\mathrm{{T}}^\mathrm{{miss}}$$\end{document}$ defining the control region is not applied. The *lower panels* of the plots show the ratio of the observed data to the total SM background expected from simulations scaled to the number of events observed in the data. The uncertainty bands include all statistical and systematic uncertainties on simulation, as discussed in Sect. [7](#Sec7){ref-type="sec"}. The component 'Others' is the sum of *Z*+jets and $\documentclass[12pt]{minimal}
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To gain confidence in the extrapolation from control to signal regions using simulated event samples, the results of the simultaneous fit are cross-checked in validation regions which are disjoint with both the control and the signal regions. The validation regions are designed to be kinematically close to the signal regions, as shown in Fig. [2](#Fig2){ref-type="fig"}, while expecting only a small contamination from the signal in the models considered in this search. The validation regions are not used to constrain parameters in the fit, but they provide a statistically independent cross-check of the extrapolation.

This analysis uses two validation regions per signal region. In the hard-lepton channel, one of the validation regions is used to test the extrapolation to larger $\documentclass[12pt]{minimal}
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Systematic uncertainties {#Sec7}
========================

Two categories of systematic uncertainties have an impact on the results presented here: uncertainties arising from experimental effects and uncertainties associated with theoretical predictions and modelling. Their effects are evaluated for all signal samples and background processes. Since the normalisation of the dominant background processes is extracted in dedicated control regions, the systematic uncertainties only affect the extrapolation to the signal regions in these cases.

Among the dominant experimental systematic uncertainties are the jet energy scale (JES) and resolution (JER) and the muon momentum resolution. The jet uncertainties are derived as a function of $\documentclass[12pt]{minimal}
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                \begin{document}$$\eta $$\end{document}$ of the jet, as well as of the pile-up conditions and the jet flavour composition of the selected jet sample. They are determined using a combination of simulated samples and studies of data, such as measurements of the jet balance in dijet, *Z*+jet and $\documentclass[12pt]{minimal}
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                \begin{document}$$Z\rightarrow \ell ^{+}\ell ^{-}$$\end{document}$ decays in data and simulation are exploited to estimate the uncertainties in lepton reconstruction, identification, momentum/energy scale and resolution and isolation criteria \[[@CR69], [@CR70]\]. In particular, muon momentum resolution and scale calibrations are derived for simulation from a template fit that compares the invariant mass of $\documentclass[12pt]{minimal}
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                \begin{document}$$J/\psi \rightarrow \mu \mu $$\end{document}$ candidates in data and simulation. The corresponding uncertainties are computed from variations of several fit parameters, following the procedure described in Ref. \[[@CR78]\].

The simulation is reweighted to match the distribution of the average number of proton-proton interactions per bunch crossing observed in data. In the signal regions characterised by a higher jet multiplicity, the uncertainty arising from this reweighting also becomes relevant.

The systematic uncertainties related to the modelling of $\documentclass[12pt]{minimal}
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                \begin{document}$$E_\mathrm{{T}}^\mathrm{{miss}}$$\end{document}$ in the simulation are estimated by propagating the uncertainties on the energy and momentum scale of each of the objects entering the calculation, as well as the uncertainties on the soft term resolution and scale.

Different uncertainties in the theoretical modelling of the SM production processes are considered, as described in the following.
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                \begin{document}$$t\bar{t}$$\end{document}$, single-top and *W* / *Z*+jets samples, the uncertainties related to the choice of QCD renormalisation and factorisation scales are assessed by varying the corresponding generator parameters up and down by a factor of two around their nominal values. Uncertainties in the resummation scale and the matching scale between matrix elements and parton shower are evaluated for the *W*+jets samples by varying up and down by a factor of two the corresponding parameters in [Sherpa]{.smallcaps} .
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                \begin{document}$$t\bar{t}$$\end{document}$ and single-top production, specific samples with an increased and decreased amount of initial- and final-state radiation are compared to the nominal sample. The relative difference in the extrapolation factors ($\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$) or expected rates (single top) is assigned as an uncertainty. Moreover, the uncertainty associated with the parton-shower modelling is assessed as the difference between the predictions from [powheg+Pythia]{.smallcaps} and [powheg+Herwig++]{.smallcaps} [2](#Fn2){ref-type="fn"} \[[@CR79]\].

An uncertainty arising from the choice of parton level generator is estimated for $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$, diboson and *W* / *Z*+jets processes. In the former case, the predictions from [powheg-box]{.smallcaps} are compared to [aMc\@NLO]{.smallcaps} [3](#Fn3){ref-type="fn"} \[[@CR80]\]; for dibosons, [Sherpa]{.smallcaps}  is compared to [powheg-box]{.smallcaps}; for *W* / *Z*+jets, [Sherpa]{.smallcaps}  is compared to [Madgraph]{.smallcaps} \[[@CR81]\].

An uncertainty of 5 % in the inclusive *Z*+jets cross-section is assumed \[[@CR82]\]. Uncertainties in the inclusive single-top cross-sections are assigned as 3.7 % (*s*-channel, top), 4.7 % (*s*-channel, anti-top), 4 % (*t*-channel, top), 5 % (*t*-channel, anti-top) and 5.3 % (*Wt*-channel) \[[@CR83]\]. Samples using diagram subtraction and diagram removal schemes are compared for assessing the sensitivity to the treatment of interference effects between single-top and $\documentclass[12pt]{minimal}
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An overall systematic uncertainty of 6 % in the inclusive cross-section is assigned to the small contribution from *WW*, *WZ*, *ZZ*, $\documentclass[12pt]{minimal}
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                \begin{document}$$Z\gamma $$\end{document}$ processes, which are estimated entirely from simulation. The uncertainty accounts for missing higher-order corrections, for the uncertainty in the value of the strong coupling constant and for the uncertainties on the PDF sets. The uncertainties associated with the resummation, factorisation and renormalisation scales are computed by varying the corresponding [Sherpa]{.smallcaps} parameters.

For the very small contributions of $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}+W/Z/WW$$\end{document}$, an uncertainty of 30 % is assigned.

Among the main systematic uncertainties on the total background predictions in the various signal regions are the ones associated with the finite size of the MC samples, which range from 11 % in the hard-lepton 6-jet SR to 33 % in the hard-lepton 4-jet high-*x* SR. Moreover, the uncertainties associated with the normalisation of the $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ background, ranging from 7 % in the soft-lepton 5-jet SR to 21 % in the hard-lepton 4-jet low-*x* SR. Further important uncertainties are the theoretical uncertainties associated with the single-top background in the hard-lepton regions, which amount to 3 % in the 4-jet high-*x* signal region and increase to as much as 34 % in the 4-jet low-*x* signal region, and the theoretical uncertainties on the *W*+jets background in the soft-lepton regions (up to 11 %).

The theoretical systematic uncertainty affecting the modelling of ISR can become sizeable in the simplified signal models used in this analysis, especially when the SUSY particles' mass splitting becomes small. Variations of a factor of two in the following [Madgraph]{.smallcaps} and [Pythia]{.smallcaps} parameters are used to estimate these uncertainties: the renormalisation and factorisation scales, the initial- and the final-state radiation scales, as well as the [Madgraph]{.smallcaps} jet matching scale. The overall uncertainties range from about 5 % for signal models with large mass differences between the gluino, the chargino and the neutralino, to 25 % for models with very compressed mass spectra.

Statistical analysis {#Sec8}
====================

The final results are based on a profile likelihood method \[[@CR84]\] using the HistFitter framework \[[@CR85]\]. To obtain a set of background predictions that is independent of the observation in the signal regions, the fit can be configured to use only the control regions to constrain the fit parameters; this is referred to as the background-only fit. For each signal region a background-only fit is performed, based on the following inputs:the observed number of events in each of the control regions associated with the signal region, together with the number of events expected from simulation;the extrapolation factors, including uncertainties, from control regions to the signal region, as obtained from simulation, for the *W*+jets and the $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$+*V*, *Z*+jets and diboson backgrounds as obtained from simulation, including uncertainties.Using this information a likelihood is constructed for every background-only fit. It consists of a product of Poisson probability density functions for every region and of constraint terms for systematic uncertainties as described below.

Multiple parameters are included in each likelihood: two normalisation parameters describing the normalisation of the *W*+jets and $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ backgrounds and nuisance parameters associated with the systematic uncertainties (as described in Sect. [7](#Sec7){ref-type="sec"}) or the statistical uncertainties in simulated event yields. The nuisance parameters associated with the systematic uncertainties are constrained by Gaussian functions with their widths corresponding to the size of the uncertainty, while the statistical uncertainties are constrained by Poisson functions. The parameters are correlated between the control regions and the signal region.

In the fit, the likelihood is maximised by adjusting normalisation and nuisance parameters. The normalisation scale factor of the $\documentclass[12pt]{minimal}
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                \begin{document}$$0.92^{+0.14}_{-0.12}$$\end{document}$ (5-jet soft-lepton control regions), the normalisation of the *W*+jets background to values between $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$0.72^{+0.31}_{-0.33}$$\end{document}$ (6-jet control regions) and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$1.00 \pm 0.04$$\end{document}$ (2-jet soft-lepton control regions). Previous analyses \[[@CR16]\] also found normalisation factors considerably smaller than unity for these background processes in similarly extreme regions of phase space. The fit introduces correlations between the normalisation parameters associated with the $\documentclass[12pt]{minimal}
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                \begin{document}$$t\bar{t}$$\end{document}$ and the *W*+jets backgrounds and the nuisance parameters associated with systematic uncertainties. The uncertainty in the total background estimate may thus be smaller or larger than the sum in quadrature of the individual uncertainties.

Results {#Sec9}
=======

The results of the background-only fit described in Sect. [8](#Sec8){ref-type="sec"} in the validation and signal regions are shown in Fig. [4](#Fig4){ref-type="fig"} and are further detailed for the signal regions in Table [4](#Tab4){ref-type="table"}. Good agreement between predicted and observed event yields is seen in all validation regions.Fig. 4Expected background yields as obtained in the background-only fits in all hard-lepton and soft-lepton validation (*top plot*) and signal (*bottom plot*) regions together with observed data are given in the *top parts* of the plots. Uncertainties in the fitted background estimates combine statistical (in the simulated event yields) and systematic uncertainties. The *bottom parts* of the plots show the differences between observed ($\documentclass[12pt]{minimal}
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                \begin{document}$$\sigma _\mathrm {tot}$$\end{document}$). *Bars* sharing the *same colour* belong to regions fitted in the same background-only fit

Figure [5](#Fig5){ref-type="fig"} shows the $\documentclass[12pt]{minimal}
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The predicted background yields and the observed number of events agree in all signal regions. The largest deviation, 2.1 standard deviations, is observed in the 6-jet hard-lepton signal region. This excess arises only from the muon channel, in which 8 events are observed, while $\documentclass[12pt]{minimal}
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Model-independent upper limits and discovery *p* values \[[@CR85]\] in the signal regions are calculated in a modified fit configuration with respect to the background-only fit. The only region considered in these fits is the respective signal region. Control regions are not explicitly included and thus any signal contamination in the control regions is not taken into account, thus giving conservative limits. These fits use the background estimates as derived in the background-only fits as input and allow for a non-negative signal contribution in the signal region. An additional normalisation parameter for the signal contribution is included.
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Table [5](#Tab5){ref-type="table"} also shows the discovery *p* values, giving the probability for the background-only assumption to produce event yields greater or equal to the observed data. The $\documentclass[12pt]{minimal}
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Model-dependent limits are calculated in a modified fit configuration with respect to the background-only fit. A signal contribution is allowed and considered in all control and signal regions, with a non-negative signal-strength normalisation parameter included. For the signal processes, uncertainties due to detector effects and theoretical modelling are considered. The signal regions are explicitly used in the fit to constrain the likelihood parameters. Figure [6](#Fig6){ref-type="fig"} shows the combined 95 % CL exclusion limits in the simplified models with gluino production using for each model point the signal region with the best expected sensitivity. Gluino masses up to 1.6 Te V are excluded for scenarios with large mass differences between the gluino and the neutralino and $\documentclass[12pt]{minimal}
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A search for gluinos in events with one isolated lepton, jets and missing transverse momentum is presented. The analysis uses 3.2 fb$\documentclass[12pt]{minimal}
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The observed data agree with the Standard Model background prediction in the signal regions. The largest deviation is a 2.1 standard deviation excess in a channel requiring a high-$\documentclass[12pt]{minimal}
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ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector and the *z*-axis along the beam pipe. The *x*-axis points from the IP to the centre of the LHC ring, and the *y*-axis points upward. Cylindrical coordinates $\documentclass[12pt]{minimal}
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                \begin{document}$$p_z$$\end{document}$ the longitudinal momentum of the object of interest.

The [Herwig++]{.smallcaps} version 2.7.1 used.

The [aMc\@NLO]{.smallcaps} version 2.1.1 is used.

We thank CERN for the very successful operation of the LHC, as well as the support staff from our institutions without whom ATLAS could not be operated efficiently. We acknowledge the support of ANPCyT, Argentina; YerPhI, Armenia; ARC, Australia; BMWFW and FWF, Austria; ANAS, Azerbaijan; SSTC, Belarus; CNPq and FAPESP, Brazil; NSERC, NRC and CFI, Canada; CERN; CONICYT, Chile; CAS, MOST and NSFC, China; COLCIENCIAS, Colombia; MSMT CR, MPO CR and VSC CR, Czech Republic; DNRF and DNSRC, Denmark; IN2P3-CNRS, CEA-DSM/IRFU, France; GNSF, Georgia; BMBF, HGF and MPG, Germany; GSRT, Greece; RGC, Hong Kong SAR, China; ISF, I-CORE and Benoziyo Center, Israel; INFN, Italy; MEXT and JSPS, Japan; CNRST, Morocco; FOM and NWO, Netherlands; RCN, Norway; MNiSW and NCN, Poland; FCT, Portugal; MNE/IFA, Romania; MES of Russia and NRC KI, Russian Federation; JINR; MESTD, Serbia; MSSR, Slovakia; ARRS and MIZŠ, Slovenia; DST/NRF, South Africa; MINECO, Spain; SRC and Wallenberg Foundation, Sweden; SERI, SNSF and Cantons of Bern and Geneva, Switzerland; MOST, Taiwan; TAEK, Turkey; STFC, United Kingdom; DOE and NSF, United States of America. In addition, individual groups and members have received support from BCKDF, the Canada Council, CANARIE, CRC, Compute Canada, FQRNT and the Ontario Innovation Trust, Canada; EPLANET, ERC, FP7, Horizon 2020 and Marie Skłodowska-Curie Actions, European Union; Investissements d'Avenir Labex and Idex, ANR, Région Auvergne and Fondation Partager le Savoir, France; DFG and AvH Foundation, Germany; Herakleitos, Thales and Aristeia programmes co-financed by EU-ESF and the Greek NSRF; BSF, GIF and Minerva, Israel; BRF, Norway; Generalitat de Catalunya, Generalitat Valenciana, Spain; the Royal Society and Leverhulme Trust, United Kingdom. The crucial computing support from all WLCG partners is acknowledged gratefully, in particular from CERN, the ATLAS Tier-1 facilities at TRIUMF (Canada), NDGF (Denmark, Norway, Sweden), CC-IN2P3 (France), KIT/GridKA (Germany), INFN-CNAF (Italy), NL-T1 (Netherlands), PIC (Spain), ASGC (Taiwan), RAL (UK) and BNL (USA), the Tier-2 facilities worldwide and large non-WLCG resource providers. Major contributors of computing resources are listed in Ref. \[[@CR87]\].
